~" Even with an increasing population, there were 100 fewer deaths due to head injury in San Diego County, California, in 1982 compared to 1980. During the 5 years from 1976 to 1980 there was nearly a constant death rate from head injuries, followed in the next 2 years by a decline of 24%. The number of deaths at the scene of injury declined 28%, and the number of individuals listed as dead on arrival at the hospital declined 68%. Mortality rates in the emergency room increased slightly and later death rates declined slightly. Mortality rates of hospitalized patients, adjusted for severity of injury, did not vary materially by year. This decline in deaths due to head injury followed a marked improvement in the county's emergency ground and prehospital air evacuation services. The data strongly suggest that advanced prehospital emergency medical services can substantially reduce mortality rates in head-injured patients. The authors postulate that some patients who ordinarily "would die now talk" because of early airway and circulatory management by highly trained paramedical personnel and airborne trauma specialists. Despite a search for other factors that might explain these observations, no satisfactory alternatives could be identified.
A
CCIDENTAL injuries are the leading cause of death for persons aged 1 to 44 years in the United States. 6 San Diego County, California, extends from the Pacific Ocean on the west almost to the Arizona border on the east, and from the Mexican border on the south to Orange County on the north. It encompasses approximately 4500 square miles, and almost half of the population resides within the city of San Diego. Thus, the region can be characterized as a suburban-urban mix, with the greatest portion of the population concentrated along a strip beginning on the Pacific coast and extending 15 miles inland. In San Diego County in 1978, head injuries accounted for 27% of total deaths in individuals aged 5 to 29 years and 43% of total deaths in those aged 5 to 9 years.
Sixty-five percent of deaths in head-injured individuals of all ages occurred before admission to the hospital, indicating that the majority of deaths occur under circumstances where they cannot be materially influenced by in-hospital care. 8 The Seattle experience 4 showed a substantial decline in extra-hospital deaths from cardiovascular disease when a sophisticated emergency medical service system and public education program was implemented. The report of Aprahamian, et al., ~ associated improvement in salvage of patients with major open intra-abdominal vascular trauma with early intervention of trained paramedical personnel. A recent report by Baxt and Moody 2 from our region indicated that the implementation of helicopter emergency service staffed by physicians who are expert in trauma care might reduce trauma mortality. These reports have led us to review head-injury mortality rates in San Diego County.
Population and Methods
In this study, we defined deaths due to head injury in San Diego County as those deaths determined by the County Coroner to have stemmed from head injury as an initiating or integral part of the chain of events leading to death. These deaths are included in N-Codes N800, N801, N803, N804, and N850-N854 of the ICDA (International Classification of Diseases, Adapted for Use in the United States). 9 However, deaths involving penetrating gunshot wounds to the head were excluded. Deaths due to multiple trauma were included if head injury was present to the degree indicated above, but no attempt was made to identify head injury as the primary or secondary cause of death. Since the focus of the study was the death rate due to head injury within the county, deaths of San Diego County residents injured outside the county were not included, but deaths of non-San Diego County residents who were injured within the county were included.
The original observation of a decline in head-injury mortality rate was made from the Coroner's data for the years 1978 to 1981. In addition, data were collected throughout the entire period on the number of patients hospitalized with head injuries in order to ascertain whether there had been any change in the relative frequency of head injury during the study period. Moreover, the severity of head injury was graded for all patients admitted to the hospital, thus allowing for an accurate estimate of the number of severe injuries that might have led to fatality so that incidence data from year to year could be compared. In order to determine whether the apparent decline was due to abnormally The statistical significance of differences between rates was calculated by Pearson's chi-square method; Yates' correction for continuity was used for 2x2 tables. The p-plot method was used to evaluate many tests simultaneously.~~ Logistic regression was used to analyze rates as a function of multiple independent variables?
Results
The death rate due to head injury in San Diego County averaged 22.9 per 100,000 during 1976 to 1980, and varied annually at most by 1.6 from that amount over the 5-year period. The decline in death rate in each of the following 2 years is highly significant ( Table 1) . The 1982 rate was 24% below the average for 1976 to (Fig. 1) . The number of individuals dead on arrival at hospitals declined by more than two-thirds between 1979 and 1981, with lesser declines in death rates at the scene of the injury and after hospitalization; however, deaths in the emergency room increased ( Table 2 ). The p-plot showed that the only clearly statistically significant differences in rates were for deaths at the scene of injury (1979 versus 1981) and deaths on arrival at the hospital (1981 versus each of the previous 2 years). The association between year and place of death was highly statistically significant (p < 0.001). Figure 2 shows the distribution of mode of transport for hospitalized patients with head injuries for most of the San Diego County hospitals that treat the condition. Note the dramatic increase in the use of paramedics and the decrease in the use of police and private vehicles. Although a helicopter service did not exist in the county in 1978, by 1981 it accounted for the transportation of approximately one-seventh of all patients with life-threatening injuries. While clearly the change that led to the significant increase in use of paramedical services was the institution of this service, air evacuation was also beginning to have some impact through the use of helicopters manned by trained paramedics and physicians.
There was a definite confounding between year of injury and severity for hospitalized head-injured patients, with a trend for relatively more high-risk patients to be admitted in the last 2 years. For example, the percentage of admissions with Glasgow Coma Scale H (GCS) scores of 3 was 1.5% in 1978 to 1979 versus 2.7% in 1980 to 1981. The trend toward greater mortality in the latter years was reversed after adjustment for severity. The logistic regression analysis of mortality in 768 hospitalized patients (GCS scores of 3 to 10) shows a highly significant independent risk of death associated with GCS scores (p < 0.001), presence of shock (p < 0.002), and pulse rate (p < 0.005), but not with mode of transport (p = 0.10, paramedic or helicopter versus other). The adjusted risk of death was essentially constant for 1978 to 1980, with a large drop in 1981. Although not statistically significant, the adjusted risk of death associated with paramedic and helicopter transportation was virtually the same, and better than with other modes (the relative risk of death was 74%).
Discussion
We have observed a decline in mortality rate due to head injury following improvement in emergency medical services. Paramedical services were instituted in the city of San Diego over a 15-month period starting on February 1, 1979, and were completely in place by the summer of 1980. A helicopter transport service was initiated in the county on March 17, 1980, but did not play a substantial role in the evacuation of severely injured patients until late 1980. This was a reflection of the fact that there was not a coordinated network for zoning helicopters until the system had been in place for several months. The mortality data in our region strongly suggest that the introduction of these services, both ground and air, had a substantial influence on mortality rates from head injury in the region. Of course, death rates (where the denominators are population figures) could decline simply because of fewer injuries. However, traffic injury rates declined much less than head-injury mortality rates, and the change in trend of the former preceded the latter by 2 years (Fig.  !) . The association was much stronger between the M. R. Klauber, et al. percent of patients transported by paramedics or helicopter and head-injury mortality (percent of variance explained 87%) than it was for the traffic accident rate (percent of variance explained 41%).
There has been no other substantive change within our region. Computerized tomography scanning was extremely common in San Diego County by 1976, and there have been no changes in the availability of neurosurgical or other services during the study period. There has been no further regionalization of care since the institution of the helicopter transport system and the advanced life support system in 1980. Thus, patients continue to go to the closest hospital in many instances and are taken to more advanced hospitals only if they are close to them. Furthermore, when one analyzes the incidence of head injury resulting in hospitalization in our region, it is apparent that there has been no decline in the incidence of moderate or severe injuries, those most likely to be associated with mortality. Given that fact and that the mortality rate for patients suffering minor head injuries in our region is much less than 1%, it is apparent that some other factor must be responsible for the decline in mortality rate.
Unfortunately, there is no way to ascertain accurately the severity of injury at the time of injury. One marker that may be used, however, is the incidence of deaths in head-injured patients following hospital admission and the severity of injury in those patients during comparable periods. These comparisons demonstrated increases over time both in the mortality rate of those hospitalized and in the severity of injury at the time of admission.
Hospital-obtained measures of severity will be affected by care received prior to hospitalization; hence, the trends reported might have been very different without improvements in care prior to and during transportation to the hospital. Many of the most severely injured patients might not have survived to be hospitalized without good prehospital care. Furthermore, we have observed a number of recent cases of individuals who were reported to be flaccid at the scene of injury but who recovered to the extent that they were not considered to have suffered a severe head injury (GCS score exceeding 8) upon hospital admission. These patients can be considered the reverse of the "talk and die" patients who usually have an intracranial hematoma. However, the small increase in deaths in the emergency room suggests a minimal prolongation of life because of field resuscitation of some patients. The dramatic decline in mortality rate that we have observed is not likely to be due to the salvage of individuals who have suffered severely destructive brain injuries. It seems much more probable that these are individuals who have apnea following their head injury, a very frequent observation in experimental concussion, and that, in some instances, hypotension probably accompanies the brain injury and is rapidly reversed by administration of fluid.
Jennett and Carlin 7 ascribed most avoidable headinjury deaths to "inappropriate management of patients who reach hospitals alive." These observations are probably true for patients with mass lesions. However, in San Diego County and in most areas where road traffic accidents are the leading cause of severe head injury, the great majority of patients with head injury do not have mass lesions. There is a substantial body of experimental evidence which has demonstrated that apnea and hypertension followed by hypotension characterize the immediate response to impact head injury. As these patients are rendered apneic and hypotensive immediately following impact, it is in this group of patients where prehospital management can be of critical importance.
It is of interest to note that the number of deaths from intracranial hematomas in patients who talked prior to dying has declined substantially in Glasgow since a more sophisticated method of triage has been instituted in that catchment area. 7 We believe that the data shown here indicate that, for those patients with the converse response ("almost died and talked"), advanced emergency medical services can have a significant impact on mortality rates, and that this impact is almost entirely due to the rapid treatment of acute respiratory failure and hypotension rather than to the treatment of severe intracranial injury. Given the fact that the quality and quantity of emergency transportation services are the factors that can be manipulated most easily in the treatment of patients suffering head injury, our observations lend strong support to improving emergency medical services in the United States. While we must emphasize that these data do not prove that there was a causal relationship between the improvement of emergency medical services and the dramatic decline in mortality rate that we have observed, there appears to be no other satisfactory explanation. As we have observed previously, the number of patients pronounced dead on arrival at hospitals has declined dramatically, those dying at the scene of the injury have declined slightly in number, and in-hospital deaths have remained stable; it is difficult for us to conceive of another likely explanation for these observations.
While a reorganization and enhancement of emergency medical services may represent an initially expensive undertaking, the gains should be measured against probable improvement in outcome not only in mortality rates but in morbidity rates as well.
